Background. Vulvovaginal candidosis (VVC), which is most frequently caused by Candida albicans, is one of the most common vaginal infections and is a common problem worldwide. Despite the fact that extensive epidemiological studies have been performed, what triggers VVC, especially recurrence of the infection, is still uncertain.
1 episode of VVC in their lifetime, and 5%-8% of adult women have recurrent VVC (RVVC), which is defined as у4 episodes per year [2, 3] . VVC is usually classified as either uncomplicated or complicated on the basis of symptom severity, frequency, causative agents, and host factors [1, 4] . Ten percent to 20% of women will have complicated VVC in their lifetime [2] . When properly diagnosed, mild sporadic VVC may be treated easily and reliably. However, RVVC and severe VVC often constitute a management problem, resulting in considerable suffering and cost and a markedly negative effect on sexual relations [3, 5] . Candida albicans is the most common causative agent of candidal vulvovaginitis; the prevalence of vulvovaginitis caused by C. albicans has been reported to be 70%-90%. Non-C. albicans Candida species, predominantly Candida glabrata, are responsible for the remainder of cases [2] .
Prolonged suppressive therapy is now the standard management for chronic, recurrent Candida vulvovaginitis. Maintenance fluconazole therapy can reduce the rate of recurrence of symptomatic vulvovaginal candidiasis [5] . However, symptomatic relapse occurs in one-half of women shortly after cessation of treatment [2, 5] . VVC remains a common problem worldwide, and fundamental issues with regard to diagnosis, epidemiology, and pathogenesis remain to be elucidated [1] [2] [3] .
Although the epidemiology of VVC has been extensively studied, the source of infection, especially reinfection, is still uncertain. Three main hypotheses have been proposed for the cause of RVVC: (1) reinfection from reservoirs in extragenital sites (e.g., the gastrointestinal tract) [6] [7] [8] [9] [10] , (2) reinfection though sexual transmission [8, 11, 12] , and (3) relapse attributable to incomplete eradication of Candida strains in the vagina [13] . The endogenous origin of recurrent infection has been largely refuted by controlled trials that have shown that the reduction of intestinal yeast carriage failed to prevent symptomatic RVVC [14, 15] . The role of intestinal colonization of C. albicans in RVVC remains contradictory [2, 16] . On the basis of the results of DNA fingerprinting of multiple isolates found in samples from 18 patients with use of 3 probes, Lockhart et al. [7] proposed that the predominant scenario for RVVC was strain maintenance with minor genetic variationsa process that they termed "substrain shuffling." Sexual activity has long been considered to be an etiological factor in RVVC, because glans penis is also 1 of the body sites that frequently harbors C. albicans. This species may cause candidal balanoposthitis, the most common inflammation of the glans penis, which can also be a recurrent or persistent condition [17] . However, the contribution of sexual transmission of the infection remains unclear [2] .
Our recent study, based on genotyping of C. albicans strains isolated from vaginal samples from Chinese women with different conditions of VVC with use of single-strand conformation polymorphisms analysis of C. albicans microsatellite locus I (CAI) [18] , revealed that most C. albicans strains causing VVC possessed specific genotypes and that the genotype distribution of C. albicans strains correlated with the severity of VVC [19] . The data implied that C. albicans strains with certain genotypes may be more virulent than others causing VVC and that strain differences may play a significant role in the etiology. The result also provides a new clue and approach to elucidating the infection source of VVC.
In the present study, the exact CAI genotypes of the C. albicans strains causing VVC were determined by GeneScan analysis, which has made data comparison and sharing easier among different laboratories. C. albicans strains isolated from vaginal samples from asymptomatic Chinese women, strains causing balanoposthitis in Chinese men, and strains isolated from samples from extragenital sites were used for further comparison, with the aim to investigate the infection source of VVC. Genetic relationships of C. albicans with the same and different CAI genotypes were examined by multigene sequence analysis.
MATERIALS AND METHODS
C. albicans strain collection. A total of 93 independent C. albicans strains isolated from vaginal samples from 93 patients with different conditions of VVC were used. The enrollment of patients with VVC, diagnosis, and judgment of infection severity are described elsewhere [19] . RVVC was defined as у4 episodes of documented VVC during the previous 12-month period. The infection was classified as complicated or uncomplicated, according to the criteria of Eschenbach [1] and Sobel [2] . Investigation of yeast flora in vaginal samples from asymptomatic women was performed during the regular health check of women at the Health Examination Center, Chinese Academy of Sciences (Beijing, China) in March and April 2006. The healthy individuals without any observed or self-felt signs of urogenital infection were enrolled. The individuals who were pregnant or diabetic were excluded. Upper vaginal swab samples were obtained for yeast isolation.
Thirty-four independent C. albicans strains causing balanoposthitis were isolated from samples from male patients attending the dermatology and venereology clinics at hospitals in Beijing, Hebei, and Guangdong. A total of 96 independent C. albicans strains isolated from extragenital samples were used. Among them, 20 strains were isolated from samples from the oral cavity of healthy volunteers; the remainder of the strains, including 55 isolated from sputum samples, 8 isolated from feces samples, and 13 isolated from urine, skin, blood, and pleural fluid samples, were collected from clinical laboratories at different hospitals. Informed consent was obtained from the patients and healthy volunteers.
Yeast strains were isolated and identified primarily with use of CHROMAgar Candida (CHROMagar). C. albicans strains were reidentified by API 20C system (bioMérieux). The atypical or problematic strains were confirmed by the large-subunit (26S) ribosomal rRNA gene D1/D2 domain sequencing [20] .
DNA extraction and GeneScan analysis. Nuclear DNA extraction and PCR amplification of microsatellite CAI were performed according to the methods of Li and Bai [18] . Fragment sizes were determined automatically by GeneScan analysis software, version 3.7. Because of the diploid nature of C. albicans, CAI genotypes of the strains were designated by the number of trinucleotide repeat units in both alleles of the microsatellite locus, as described by Sampaio et al. [10] . Pearson's x 2 test was performed in the statistical analysis.
Multigene sequencing and phylogenetic analysis. The fragments of 3 C. albicans housekeeping genes, CaADP1, CaSYA1, and CaVPS13, were selected for sequencing. They were amplified and sequenced in accordance with the methods of Bougnoux et al. [21] . Data on the 3 fragments from 1 strain were concatenated into a single sequence. For the polymorphic sites where heterozygosity occurred, each base was rewritten twice for a homozygous (A, C, G, or T) datum or once each for the 2 component bases for a heterozygous (K, M, R, S, W, or Y) datum, as described in Tavanti et al. [22] . The modified sequence alignment was subjected to phylogenetic analysis by neighbor-joining algorithm with use of MEGA, version 4 [23] . Bootstrap analysis was performed on 1000 random resamplings.
RESULTS

CAI genotypes of C. albicans strains associated with VVC.
Among the 93 independent C. albicans strains associated with VVC, 27 distinct CAI genotypes were identified by GeneScan analysis (figure 1a). The most common genotypes were 30- 9%) each (figure 1e) .
Genotypes of C. albicans strains in samples from extragenital sites. Sixty-eight CAI genotypes were identified in the 96 unrelated extragenital C. albicans strains. Of these 68 genotypes, 49 (72.1%) comprised 1 strain each, 18 (26.5%) comprised 2-3 strains each, and 1 (1.5%; genotype 18-18) comprised 4 strains. Only a few strains shared CAI genotypes with those associated with VVC and balanoposthitis (figure 1f). Genotypes 30-45 and 32-46, which were dominant in the vaginal strains, were not found in the extragenital strains.
Genetic relationships of C. albicans with the same and different CAI genotypes. C. albicans strains representing different CAI genotypes and sources were selected for further genetic diversity analysis on the basis of sequences of housekeeping genes CaADP1, CaSYA1, and CaVPS13, which are located in different chromosomes in the genome of C. albicans [21] . Multiple strains with the same dominant genotypes were selected for examination of their genetic identity. C. albicans strains from other countries that were determined to be definitely associated with VVC were also included. The corresponding sequences of these strains were downloaded from the multilocus sequence typing database for C. albicans [24] .
Sequence analysis revealed that strains causing VVC and balanoposthitis that had the most common (30-45 and 32-46) and similar genotypes (e.g., 30-44, 30-46, 30-47, 31-45, 32-45, and 32-47, which differ by 1-2 repeats in the corresponding alleles) usually had identical or similar sequences in the 3 housekeeping genes that were compared. Thus, the strains were mostly clustered in 1 clade with strong bootstrap support in the phylogenetic tree (figure 2). In contrast, strains with other minor genotypes and those isolated from samples from extragenital sources usually had quite different sequences and were clearly separated in different clades or branches in the phylogenetic tree (figure 2). Of the 15 C. albicans strains associated with VVC that were from the United Kingdom and the United States, 7 (46.7%) were clustered with the strains possessing the dominant genotypes, and the other 8 (53.3%) were located in several other different branches (figure 2).
DISCUSSION
Among the polymorphic microsatellites that have been used for strain typing of C. albicans, locus CAI, located in a noncoding region, has been revealed to be the most polymorphic one, exhibiting discriminatory powers of 0.97-0.99 with use of GeneScan [10] and single-strand conformation polymorphisms [18] analyses, respectively. These studies have also demonstrated the stability of the locus. The evident biased genotype distribution of C. albicans strains associated with VVC was clearly shown in the present study, as determined by the microsatellite CAI polymorphism assay. The overall frequencies of the 2 dominant genotypes (30-45 and 32-46) in C. albicans strains isolated from vaginal samples from patients with VVC and asymptomatic women were 59.1% and 24.0%, respectively ( ). The common genotypes were more frequently dis-P p .002 tributed among strains causing complicated VVC than among strains causing uncomplicated VVC (69.2% vs. 35.7%; P p ). The dominant genotypes accounted for 74.1% of strains .003 causing severe cases of VVC and for 38.5% of strains causing mild-to-moderate cases of VVC ( ). The dominant ge-P p .001 notypes were found more frequently in strains causing recurrent VVC than in strains causing sporadic VVC (73.3% vs. 52.4%;
), but the statistical evidence for this association was P p .055 relatively weak. The similar biased genotype distribution of C. albicans strains associated with candidal balanoposthitis was also revealed (figure 1). Multigene sequence analysis revealed that the strains with the dominant genotypes were genetically similar and differed from strains with minor genotypes and those isolated from samples from extragenital sites (figure 2).
Tropism of vaginopathic C. albicans strains for the vagina has not been previously reported [2] . The present study clearly revealed the existence of vaginopathic C. albicans strains with tropism for the vagina. Our study and a previous study [18] involving investigation of the independent C. albicans strains isolated from samples from various extragenital sources revealed that only very limited numbers of strains shared the same genotypes. In contrast, the enrichment of certain genotypes is evident in strains causing VVC, and the trend correlates with the severity of infection. The genetic similarity of the strains with the dominant genotypes was confirmed by multigene sequence analysis (figure 2). The result suggests that the strains have the same or similar genetic background relating to their pathogenicity of causing VVC. The enrichment of C. albicans strains with the dominant genotypes in the fungal population causing VVC, especially complicated VVC, implies that these strains possess enhanced virulence for the infection and that strain differences play a significant role in the etiology of VVC. This phenomenon may explain why some women remain asymptomatic despite heavy colonization with Candida strains in their vaginas [2] .
Although VVC is usually not treated as a sexually transmitted disease [25, 26] , sexual activity is considered to be one of the important etiological factors in RVVC [3, 16] . Thin et al. [27] revealed that yeast infection was sexually acquired in ∼39% of episodes in women and in ∼29% of episodes in heterosexual men. Correlation of candidal infection between sexual partners has been observed [17] . Associations of RVVC with frequent intercourse, first intercourse at a young age, and sexual intercourse during menstruation have been shown [28, 29] . However, the evidence from clinical treatments of RVVC in male partners is conflicting, as reviewed by Mårdh et al. [3] and Watson and Calabretto [16] . Thus, the contribution of sexual transmission of VVC remains unclear.
The present study revealed the similar genotype distributions among C. albicans strains causing balanoposthitis and those causing VVC. The most dominant genotype (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) in vaginal strains is also most frequently associated with balanoposthitis ( figure 1 ). Multigene sequence analysis revealed the same or similar genetic background for the strains with dominant genotypes associated with both VVC and balanoposthitis (figure 2). The results imply the high possibility of sexual transmission of genital C. albicans infection.
Oriel et al. [30] reported that ∼10% of men who had sexual contact with women with vaginal yeast infection developed mycotic balanoposthitis. The genotype similarities between strains from women with VVC and those from glans penises of their partners have been shown [7, 8, 11, 12] . Our preliminary culture investigation revealed that 11 (34.4%) of the glans penis swab samples from partners of 32 women with recurrent or severe VVC were positive for C. albicans. Eight (72.7%) of the 11 strains isolated from glans penis swab samples possessed the dominant CAI genotypes (30-45 or 32-46). The genotypes of 10 of the 11 strains from men were identical to those of the strains from their partners (data not shown). The genotype identity of strains isolated from samples from a male-female couple is important to show the possibility of sexual transmission of C. albicans infection; however, it is not unusual to find the same strains in samples from genital sites of sexual partners. The genotype identity or similarity between independent C. albicans strains causing genital infections in male and female individuals, as shown in our study, provides strong evidence supporting the possibility of sexual transmission of the infection.
The association of RVVC with anogenital and, particularly, orogenital contact has been shown [9, 29, 31, 32] . The results of the present study, however, do not support this association. There is clear evidence that the genotype distribution of C. albicans in strains from oral cavity samples is different from that in strains causing VVC (figures 1 and 2) . Because the oral strains compared in this study were from individuals and not couples, direct genotype comparison between the strains causing RVVC and the strains from orogenital sites of the women's partners is necessary to confirm this observation.
Extragenital sites, especially the gastrointestinal tract, are considered to be reservoirs for recolonization of the genital tract in women with RVVC [3] . Analysis of fecal samples isolated 8 separate strains, and none were similar to the vaginal strains, implying a different genotype distribution trend of C. albicans strains in the gastrointestinal tract. Given the generally different genotype distribution patterns between strains isolated from samples from extragenital sites and those isolated from vaginal samples, an endogenous origin of recurrent infection does not seem likely in women with RVVC. Mårdh et al. [9] also implied that neither oral nor anal sex increased the risk of VVC and RVVC. However, direct comparison of strains from gastrointestinal tract and vaginal samples from the same patients with RVVC will be necessary to address this issue.
Different conditions of VVC usually require different therapeutic strategies [2] . Identification of specific genotypes that correlate with severity of VVC is certainly of diagnostic and therapeutic significance. The results of the present study imply that C. albicans strains with CAI genotypes 30-45 and 32-46 are more virulent than other strains causing vaginal infection and are, therefore, more likely to induce complicated VVC. Antifungal susceptibility testing [33] revealed that the C. albicans strains causing VVC in the present study were generally susceptible to fluconazole, amphotericin B, ketoconazole, and flucytosine; however, 66.7% of the strains with genotype 32-46 were resistant to itraconazole, which is one of the antifungals recommended for the treatment of VVC [34] . Further comparative study of phenotypic and genetic properties relating to the virulence of C. albicans strains with dominant and other genotypes will certainly be helpful in elucidating the infectious mechanisms of vaginopathic C. albicans strains.
